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Objective. Open aortic aneurysm repair is traditionally associated with an extended hospital stay. The aim of this study
was to examine the feasibility of reducing post-operative stay through the implementation of a fastetrack, goal directed,
clinical pathway for elective open aortic surgery.
Methods. A fast-track clinical pathway for aortic surgery was introduced in a regional vascular unit in September 2005.
The pathway has daily goals and targets discharge for all patients on the 3rd post operative day. This study compares thirty
consecutive discharges of unselected patients undergoing elective infra-renal aortic surgery following introduction of the
pathway to the thirty consecutive cases preceding its introduction. Reasons for prolonged hospital stay were recorded.
Results. Six of thirty patients achieved discharge by Day 3. The median hospital stay reduced from 9 (range 4 to 17days) to
5 days (range 2 to 12 days) following introduction of the pathway. There was one readmission within 30 days and no com-
plications attributable to the pathway implementation. Cardiac complications and home planning were the most common
causes of delayed discharge.
Conclusion. Post-operative stay in patients undergoing standard elective open infra-renal aortic surgery can be safely
reduced with the introduction of a goal directed pathway.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Open aortic surgery is traditionally associated with
a long post operative stay: in the recent UK based
EVAR 1trial the mean postoperative stay was 13.5
days following open repair.1 This extended period of
in hospital recovery is a major disadvantage com-
pared to endovascular repair. Such long periods
of hospitalization may be unnecessary, are certainly
expensive and place patients at risk of developing
complications including acquisition of nosocomial
infection.2
Recently multimodal optimization packages deliv-
ered as clinical pathways have been promoted as a
means of reducing hospital stay following major sur-
gery.3,4 Many of these have advocated particular inter-
ventions or specific modifications of therapy to reduce
the systemic insult of surgery thus allowing earlier
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infra-renal aortic surgery has been reported in several
published series,7e11 the largest of which reported suc-
cessful discharge of 80% of patients on Day 3. These
studies all incorporated a specific modification of
treatment designed to enhance recovery. It is possible,
however, that rather than new interventions, it is the
administration of a goal directed pathway, patient
preparation and staff education, common to all series
reporting success which is responsible for reducing
post operative stay.
To date, accelerated discharge programmes for
major vascular surgery have not been taken up in
the U.K. Cost comparison between open and endovas-
cular repair and recent highlighting of the dangers of
nosocomial infection have provided renewed impetus
for examining methods of reducing post operative
stay in patients presenting for elective repair in an
NHS setting.
We developed a goal directed clinical care pathway
with the aim of reducing post-operative stay for our
elective aortic aneurysm patients in September, 2005.
The clinical pathway was formulated based onlar Surgery. Published by Elsevier Ltd. All rights reserved.
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our institution and a review of the literature describ-
ing accelerated discharge in major vascular surgery.
This study was designed to examine the feasibility
of reducing hospital stay through the implementation
of this pathway in a group of unselected patients
undergoing unmodified, standard open aneurysm
repair.
Patients and Methods
The clinical pathway was formulated with daily goals,
clinical reviews and investigations based on the prac-
tice which has evolved in our unit. In common with
those identified in the literature the clinical pathway
was designed to have clear daily goals for Day 0
(the evening of surgery), Day 1 (the first post opera-
tive day) and Day 2 aiming at discharge on the Day 3.
A form detailing daily goals was produced (Fig. 1).
Three consultant vascular surgeons adopted the
pathway for all patients presenting for elective open
repair of asymptomatic infra renal aneurysm. Patients
with their family and carers were advised of plans for
discharge as early as Day 3 when first counselled
about surgery. The proposed early discharge was
detailed in the clinic letter to their GP. The pathway
was not applied to patients presenting for emergency/
urgent repair, patients with supra-renal aneurysm
or those undergoing endovascular repair.
Standardized surgery and post operative care
Patients were admitted on the evening prior to sur-
gery. Prophylactic antibiotics were administered prior
to induction of anaesthesia. Radial arterial lines, cen-
tral and peripheral venous cannulae were inserted
for monitoring and fluid administration. All patients
had general anaesthesia and an epidural block (T8-
T12) with bupivacaine and fentanyl. Surgery was per-
formed via a standard midline (xiphoid process to
below umbilicus) or transverse laparotomy incision
and a transperitoneal approach. Nasogastric tubes
were inserted as required and if used were removed
at the end of the procedure. Minimal dissection was
used in exposing the aortic neck and iliac vessels. Sys-
temic heparinization was performed prior to clamp-
ing at the surgeons discretion. Fluids and blood
products were administered throughout the proce-
dure at the discretion of the anaesthetist. Patients
were extubated at the end of the procedure if possible
or in intensive care (ITU) on the evening of surgery.
Patients went to ITU post operatively. All had
patient controlled epidural anaesthesia (PCEA)containing fentanyl and bupivacaine. They were dis-
charged to the surgical ward when mentally alert,
haemodynamically stable, adequately self ventilating,
with satisfactory urine output with no medical con-
cerns as determined by the intensivist.
Patients were reviewed post-operatively and at
least once daily by the surgical team who adminis-
tered the clinical pathway. Patients were offered
a cup of tea on the evening of surgery and encouraged
to take solid diet from the 1st postoperative day. Early
mobilization with epidural in-situ was encouraged
with the help of physiotherapists. All lines and cathe-
ters were removed as soon as the patient was tolerat-
ing oral intake but the epidural was allowed to remain
if required until the third post-operative day. Stan-
dard nursing observations and management as re-
quired were employed throughout. Patients were
discharged home when they were mobilizing inde-
pendently, tolerating diet, passing flatus and had a sat-
isfactory wound assessment. On discharge patients
were given a card with a telephone number giving
direct access to the vascular team in case of concern and
outpatient follow up within 6 weeks was arranged.
Data on patient demographics, achievement of
goals, complications, length of post operative stay
and factors delaying discharge were recorded. After
implementation of the pathway for 12 months these
data were compared to those from an equivalent sized
unselected series of patients undergoing the same sur-
gery by the same surgeons immediately before the
implementation of the pathway. Details of this histor-
ical group of controls was collected prospectively in
weekly morbidity and mortality data and the hospital
PAS data. Length of post operative stay for pathway
and control patients was compared using the Mann
Whitney U test with p values < 0.05 considered signif-
icant. Statistical calculations were performed with
analyse it and Microsoft excel software.
Results
Over one year, thirty consecutive patients were admit-
ted for elective aneurysm surgery under the new clin-
ical pathway. The patients undergoing accelerated
discharge were similar to their historical controls in
terms of demographics (Table 1).
Perioperative data are presented in Table 2. Al-
though only six patients were discharged on Day 3
the median post operative stay was reduced signifi-
cantly from 9 (range 4 to 17) to 5 (range 2 to 12)
days following introduction of the pathway
( p< 0.001, Mann Whitney test).
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276 M. A. Murphy et al.Postoperative Day 0 (evening of surgery) 
Clinical and Laboratory Goals
CNS – alert and orientated 
CVS - haemodynamically stable, Hb >8g/dl 
Respiratory –self ventilating maintaining 95  O2 Saturation  
-on nasal specs/ facemask O2 
Renal – passing 0.5ml/kg/hr on hourly urometry 
Feet - warm with palpable pulses 
Mobilizing – out to sit 
GI – drinking 
Medical comments 
Nursing observations/comments 
Physiotherapy Comments 
Post–op
Hb
WCC
Creatinine
Urea
CRP
Albumin 
Troponin
Postoperative Day 1 
Clinical and Laboratory Goals
CNS – alert and orientated 
CVS - haemodynamically stable 
Respiratory – deep breaths with clear air entry 
GI - light diet 
Satisfactory analgesia 
Mobilization – walk around ward 
Remove catheter and central line 
Satisfactory wound inspection 
Discharge planned for day 3 
Medical comments 
Nursing observations/comments 
Physiotherapy Comments
Day 1 
Hb
WCC
Creatinine
Urea
CRP
Albumin 
Troponin
Postoperative Day 2
Clinical and Laboratory Goals
CNS – alert and orientated 
CVS - haemodynamically stable 
Respiratory – deep breaths with clear air entry 
GI - Taking normal diet 
Mobilization –walking around ward and stairs 
Satisfactory wound inspection 
Analgesia satisfactory 
Remove epidural today 
Discharge planned for Day 3 
Medical comments 
Nursing observations/comments 
Physiotherapy Comments 
Postoperative Day 3 
Clinical and Laboratory Goals
CNS – alert and orientated 
CVS - haemodynamically stable 
Respiratory – deep breaths with clear air entry 
GI - Taking normal diet 
Mobilization –walking around ward and stairs 
Satisfactory wound inspection 
Analgesia satisfactory 
For discharge
Outpatient review arranged 
Medical comments 
Nursing Comments
Physiotherapy Comments 
Reasons for delayed discharge 
Fig. 1. Fast-track Pathway.The total number of post operative bed days for
the accelerated discharge cohort was 174 patient days
which exceeded the ideal target of 90 days by 84 days
(Fig. 2).Cardiac complicationsoccurring in fourpatients
accounted for a total of 27 of these excess days thus con-
stituting the single biggest delaying factor. In ten cases
hospital staywas prolonged because therewere specific
delayswith transport orhome arrangements. Therewas
one superficial groin wound infection in a patient who
had an aortobifemoral graft, this was treated with
Eur J Vasc Endovasc Surg Vol 34, September 2007intravenous antibiotics and the patient was discharged
on Day 6. One patient who suffered from chronic back
pain had difficulty attaining adequate pain control
and was slow to mobilize. He required large doses of
morphine and subsequently developed an ileus and
vomiting. He has eventually discharged on Day 8. Con-
fusion which may have been attributable to analgesia
impaired progress in three patients.
The median stay in ITU was 12 hours (range 6 to
96 hours). Six patients were kept in ITU beyond
277Fast Track Open Aortic Surgery48 hours, two for treatment of new onset atrial fibril-
lation, another for epidural related leg weakness and
three because no ward bed was available. Twenty
four of the thirty patients were tolerating diet and
twenty six were walking by the end of the second
post operative day. There was one readmission, a
patient who had been discharged on Day 5 presented
2 days later with dysuria and abdominal pain, he was
diagnosed with a urinary tract infection, treated with
antibiotics and discharged after 24 hours. All patients
were reviewed in outpatients within 6 weeks; no fur-
ther complications or problems were reported at this
stage.
Discussion
Open aortic aneurysm repair is traditionally associ-
ated with a long, resource intensive postoperative
stay. This is considered a major disadvantage of the
procedure compared to endovascular repair.12 We
have shown in this series of patients that discharge
Table 1. Patient demographics
Patient demographics Pre pathway Pathway
Age Mean (range) 71yrs (61e80) 73yrs (50e89)
Male/female 28/2 26/4
Aneurysm size 6.3 cm
(5.5e8.5 cm)
6.5 cm
(5.5e8.4 cm)
Significant co-morbidities15
Including current smoker,
previous MI, diabetes,
creatinine >150, chronic
airways disease, morbid
obesity, malignant disease
and atrial fibrillation
20 24
Table 2. Operative details and post operative course for fast track
patients
Perioperative variable
Operative time, median (range) 140 minutes (90e260)
Clamp time, median (range) 60 minutes (30e100)
Graft type Dacron tube 27,
Bifurcated Dacron 3
(2 aorto-iliac,
1 aorto-bifem)
Incision Midline (xiphoid tip to
below umbilicus)
26, Transverse 4
Blood Transfusion, median (range) 2 units (0e4)
Total perioperative fluid, median (range) 4 litres (2.5e7)
Extubation time, median (range) 2 hours (0e14)
ITU Stay, median (range) 12 hours (6 to 96)
Time to ambulate, median (range) 2 days (0e7)
Time to full diet, median (range) 2 days (1e8)
Time to flatus/bowel movement 2 days (1e7)
Time to discontinue epidural 1 day (0e3)
Systemic opiate use 3 patients
Post operative Complications 18 patientson Day 3 can be a realistic goal following standard
open aortic surgery and that for patients who do not
achieve this postoperative stay is shortened as a result
of implementing a goal directed pathway. The high
frequency of complications occurring in our patients
reflects the age and substantial co-morbidity in the
group which is typical of patients undergoing aneu-
rysm repair.
The main thrust of the pathway is to avoid unnec-
essary or prolonged intervention by promoting early
removal of lines and catheters, encouraging early
feeding, prompt mobilization and planning discharge
from admission. Patient education, a change in the
mindset of the surgical and nursing teams and admin-
istration of the pathway were fundamental to shorten-
ing hospital stay. These general principles, advocated
by Kehlet in Fast Track surgery4 have been incorpo-
rated into multimodal optimization packages which
have effectively reduced hospital stay after colonic
surgery.5 In our series we focused more on a standard-
ization and optimization of evolved and established
practice through the administration of the pathway
rather than incorporating new treatment modalities.
Previous series have reported on accelerated dis-
charge following open aneurysm repair but all have
incorporated some modification of technique or addi-
tional therapy. Podore et al.7 reported a single surgeon
series with operations carried out for aortic aneurys-
mal and occlusive disease in two hospitals. These pa-
tients all received metoclopramide to promote gastric
emptying. It is of interest that in his series, in which
80% achieved discharge by Day 3, epidurals were
not used and all patients had systemic opiates, avoid-
ance of which is considered a prerequisite for
Cardiac
39
Confusion
11
Lower Limb
6
Ileus
9
Infection
5
Domestic /
Transport
30
Fig. 2. Factors accounting for 84 excess postoperative days.
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278 M. A. Murphy et al.enhanced recovery by Kehlet.4 Use of systemic opiates
was discouraged in our patients but all received fen-
tanyl in their PCEA. Calligaro et al.8 reported reduced
hospital stay in a large series of patients undergoing
major vascular surgery but did not give specific
details of the aortic aneurysm pathway and used
a step down care facility after discharge from the
acute hospital. Most recently, Abularrage et al.,10
have compared a cohort of fast track open patients
with a cohort undergoing EVAR and showed a similar
postoperative stay in both groups with significant cost
savings for the open group. In their series the fast
track patients underwent a retroperitoneal approach
via a limited lateral incision and were prescribed gas-
tric motility agents.
Our study has limitations in that it followed a small
number of patients over a short time period, it did not
examine home support requirements, nor did we for-
mally assess patient satisfaction with early discharge.
As reduction in hospital stay required the optimi-
zation and efficient delivery of standard care, the
success with the pathway was dependant on its en-
thusiastic administration by the surgical teams. The
number of our excess post operative days accounted
for by domestic factors or transport arrangements
suggests the potential for further reduction in ward
stay with more aggressive pathway administration
and this is supported by the recently reported experi-
ence of Maessen et al.13 With early discharge the po-
tential for delayed recognition or treatment of later
post operative complications cannot be excluded.
However, our experience is that such complications
arising denovo after the first two postoperative days
are rare. This possibility must be balanced against
the potential hazards of long hospital stays such as
Methicillin Resistant Staphylococcus Aureus or Clos-
tridium Difficle infections and deep venous thrombo-
sis. We did not perform any cost analysis in this study
but based on the calculations from the EVAR 1 trial2
each post operative day accounts for £611 (V900)
which equates to an average saving of £2500 (V3750)
per patient in our series.
Introduction of new treatments are often accompa-
nied by changes in practice such as length of stay and
it is difficult to accept changes to standard practice
without some driver such as the introduction of new
technology.14 EVAR is accepted to require a shorter
post operative stay than standard repair and this dif-
ference is factored into cost analysis when comparing
it with open repair. Optimization of postoperative
Eur J Vasc Endovasc Surg Vol 34, September 2007care for open procedures should allow a more mean-
ingful comparison between the two treatments.
In conclusion, this study has shown that routinely
extended periods of post operative stay are unneces-
sary following open aneurysm repair and a significant
reduction in hospital stay can be accomplished with
the implementation of a clinical pathway which takes
established practice and fits it to a standardized time
frame.
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